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This report investigates possible energy conservation opportunities and is based on the plans available, 
field work and interviews of site operating and maintenance personnel. The recommendations are based 
on an analysis of conditions observed and information gathered at the time of the survey, and costs are 
based on vendor quotes, cost data publications and experience with similar projects.  
 
Energy savings are dependent upon many factors, including seasonal weather variations, natural gas and 
electricity costs, and specific energy use practices of the facility occupants and workers. Additionally, 
many of these Energy Conservation Opportunities (ECOs) are interactive and any individual ECO may 
produce more or less savings than had it been implemented with the other recommended ECOs.   
 
This report, by itself, is not intended as a basis for the engineering required to adopt any of these 
recommendations. Its intent is to inform the customer as to the potential cost savings, implementation 
costs and life cycle costs of the identified ECOs.  Development of design documents and specifications 
will be required, conforming to the details of this audit, to successfully implement the ECOs. 
 
The cost estimates developed in this report are budgetary estimates, and include material and 
installation.  Also, the following items were included as a percentage of the total material and 
installation cost:  10% for engineering and design and 10% for project/construction management. A 
10% contingency was also applied.  The estimates do not include administrative or other costs that 
may be incurred by the Navy. 
 
Complete and accurate program applications must be submitted to have projects considered for 
rebates.  Significant documentation requirements beyond the scope of this study may be required by 
utility or State organizations to provide rebates for the recommended ECOs. 
 
Disturbance, removal or replacement of building material, insulation systems, high intensity discharge and 
fluorescent lamps, lamp ballasts, power factor correction capacitors, starting and running capacitors of 
motors, and potentially other components may contain asbestos, mercury, or PCB’s require handling and 
disposal in accordance with applicable Federal and State laws and regulations. 
 
Reference herein to any specific commercial products, process, or service by trade name, trademark, 
manufacturer, or otherwise, does not constitute or imply its endorsement, recommendation, or 
favoring by AEPC Group, Cogent Energy, Inc. or Lawrence Berkeley National Laboratory.  
Alternative products, processes and methods are available and should be considered prior to 
implementation of the recommended projects.   
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This report summarizes the findings of an HVAC Assessment performed for Building 700 of the Fleet 
Numerical Meteorology and Oceanography Center (FNMOC) at the Naval Postgraduate School in 
Monterey, California.  AEPC Group, LLC (AEPC), in conjunction with Cogent Energy, Inc., 
(Cogent), performed this study under the direction of Lawrence Berkeley National Laboratory 
(LBNL). 
 
The objective of this study is to identify and prioritize potential heating, ventilating and air conditioning 
(HVAC) energy conservation opportunities (ECOs) that provide economic and operational benefit to the 
Navy.  The following tasks were carried out in the performance of this study. 
 
First, a site investigation was conducted by a team of AEPC and Cogent engineers.  Data and information 
were collected on the building HVAC systems and the loads they serve.  Interviews were conducted with 
Navy maintenance personnel to gain a better appreciation of the mechanical systems and their operation.  
Temperature monitoring was conducted over a two-week period to understand the HVAC system 
operation and their control sequences. 
 
The information collected above was used to develop computer models simulating the facility HVAC 
system operation.  These baseline models were calibrated against the previous year’s electricity and gas 
bills for the building.  The baseline models were then adjusted to account for recent and planned changes 
to building operation.   
 
The adjusted baseline models serve as the basis of comparison for the ensuing Energy Conservation 




1.2 FACILITY DESCRIPTION AND OPERATION 
 
The Naval Postgraduate School is used by the United States Navy for advanced training and 
educational purposes.  Building 700, the subject building of this report, is the Fleet Numerical 
Meteorology and Oceanography Center (FNMOC).   
 
Building 700 houses a very large computer load and as a result, has an extremely high HVAC load.  
The HVAC systems consist of eight air handlers, three chillers, two condensing units, two hot water 
boilers, and corresponding chilled water and hot water pumping and distribution systems.  In 
addition, a steam boiler is used to provide humidification control for the computer rooms.  
 
The office areas of the facility are occupied 9 hours per day, 5 days per week plus some occasional 
after-hours and weekend use. The computer center is occupied 24 hours per day and requires 
continuous operation of the HVAC systems serving these areas. 
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Between December 2001 and November 2002, the Navy spent $503,405 for electricity and natural 
gas at Building 700. The breakdown includes $425,153 for electricity (with a corresponding use 
index of 92.1 kWh/sf/year), and $78,252 for natural gas (reported natural gas service supplies 
additional FNMOC buildings as well).  The composite average electricity cost is $0.1143 per kWh 
and the average natural gas cost is $0.6557 per therm.  Pacific Gas & Electric provides natural gas. A 
third party supplier, Strategic Energy, provides electricity commodity, with transportation and 
distribution by PG&E. 
 
Baseline models of the HVAC systems were developed and calibrated against the past year’s utility bills.  
The baseline model was then adjusted to account for additional computer load (and subsequent HVAC 
load) that was recently added to the building.   
 
Next, the baseline model was adjusted to account for the anticipated reinstatement of the decommissioned 
Cray computer room.  An increased computer load of 96 kW was assumed, as well as the 
recommissioning of two air handling systems and condensing units.  These systems, AHU-7 and 8, once 
provided cooling and humidification control to a Cray computer system.  The second adjusted baseline 
model accounts for the possible future use of the Cray computer area and the air handling systems and 
condensing units that serve it. 
 
The table below summarizes the annual electricity and gas usage and associated costs of the existing 
baseline model and the two adjusted baselines.  Note the natural gas usage includes all natural gas 






Annual Natural Gas 
Usage (therms) 
Baseline (Past year) 3,720,306 119,338 














Naval Postgraduate School, Monterey, CA 
HVAC Assessment Study 
Building 700  
September 24, 2003 
 
 3  
  
  
1.3 SUMMARY OF COSTS, SAVINGS & PAYBACKS 
 
Five ECOs were identified and evaluated for this study.  The results of the engineering and economic 
analysis are summarized in the following table. 
 
Implementation of the measures is expected to reduce energy consumption by approximately 
1,537,622 kWh of electricity, or 26% of the adjusted baseline, and 55,528 therms of natural gas, or 
42% of the adjusted baseline.  Peak electric demand is estimated to be reduced by 63 kW.   
 
The aggregate energy conservation project is expected to result in the avoidance of approximately 
$231,245 in annual utility costs for Building 700.  At an estimated cost of $506,192, the simple 
payback period is estimated to be 2.2 years.  Should the Navy be successful in retaining $248,584 in 
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ECM # MEASURE PEAK ELECTRIC ELECTRIC GAS GAS ANNUAL ESTIMATED
DESCRIPTION DEMAND ENERGY COST ENERGY COST ENERGY PROJECT UTILITY
REDUCTION SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS COST INCENTIVE
(kW/Month) (kWh/Yr) ($/Yr) (Therm/Yr) ($/Yr) ($/Yr) ($) ($)
1 AHU-1, 2 and 3 Modification 17.7 306,060 34,976$        27,855 18,175$        62,832$         129,339$      59,562$        
2 Install Economizers on AHU-1, 2 and 3 14.6 351,812 40,205$        -13 (8)$               40,192$         69,489$        49,246$        
3 AHU-4, 5 and 6 Modification 8.8 263,162 30,074$        20,648 13,472$        50,722$         135,122$      49,231$        
4 AHU-7 and 8 Modification 19.2 552,993 63,196$        7,037 4,592$          70,233$         124,488$      81,641$        
5 Install VFDs on Chilled Water Pumps P-4, 5 and 6 2.7 63,594 7,268$         0 -$            7,268$          47,754$       8,903$         
TOTALS FOR RECOMMENDED MEASURES 63.0 1,537,622 175,718$      55,528 36,230$        231,245$       506,192$      248,584$      
ENERGY CONSERVATION OPPORTUNITY SUMMARY
 
 
ECM # MEASURE TOTAL NET SIMPLE SAVINGS ADJUSTED LIFE CYCLE LIFE CYCLE LIFE CYCLE
DESCRIPTION ANNUAL PROJECT PAYBACK TO INTERNAL CO2 SO2 NOX
SAVINGS COST PERIOD INVESTMENT ROR REDUCTION REDUCTION REDUCTION
($/Yr) ($) (yrs) RATIO (%) (kg) (kg) (kg)
1 AHU-1, 2 and 3 Modification 62,832$        69,777$        1.1 10.58 15.90% 6,558,424 24,282          11,767          
2 Install Economizers on AHU-1, 2 and 3 40,192$        20,243$        0.5 15.10 17.98% 4,155,203 605               10,688          
3 AHU-4, 5 and 6 Modification 50,722$        85,891$        1.7 21.28 20.02% 10,887,772 63,236          14,522          
4 AHU-7 and 8 Modification 70,233$        42,847$        0.6 20.29 19.73% 7,276,820 6,967            17,425          
5 Install VFDs on Chilled Water Pumps P-4, 5 and 6 7,268$         38,851$       5.3 n/a n/a 751,348 111             1,932          
TOTALS 231,245$      257,608$      1.1 29,629,567    95,201          56,334          
ENERGY CONSERVATION OPPORTUNITY LIFE CYCLE ECONOMIC SUMMARY
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1.4 MAJOR CUSTOMER OPERATIONAL BENEFITS 
 
Implementing the described Energy Conservation Opportunities has many benefits in addition to 
reducing facility energy usage and associated cost.  
 
The addition of the energy management and control system (EMCS) will provide more precise 
temperature and humidity control than that provided by the existing controls.  The EMCS will also 
provide for temperature alarming functions such that operating and maintenance personnel are 
notified of potential problems before they would otherwise.   
 
Though the EMCS will require some ongoing programming and monitoring, the additional cost to 
perform these functions will likely be offset by the reduced maintenance costs of the refurbished 
equipment it is controlling (assuming the HVAC modification ECOs are implemented).   For 
example, as a result of implementing ECO-1, 2, 3 and 4, operating hours of some HVAC equipment, 
including the chillers, boilers and three of the five air handlers currently in operation, will be greatly 
reduced. For the purposes of this study, it was assumed the increased maintenance cost resulting from 
the installation of new equipment would be offset by decreased maintenance cost of existing 
equipment operating less hours.  
 
New system designs often improve system diagnostics, detecting and repairing problems before 
building occupants are aware that they exist. HVAC measures often result in improved space comfort 
conditions and improved indoor air quality. Spaces are more pleasant to occupants, which often 
results in an increase in productivity.  
 
Naval Postgraduate School, Monterey, CA
HV AC Assessment Study
Building 700
September 24, 2003
2. EXISTING FACILITY OPERATIONS
Please note that that some of this section is derived from a previous HV AC system study provided by the
Naval Postgraduate School. This study is entitled "Study of Mechanical Systems", and was performed by
Damatt Engineering in 1995.
2.1 GENERAL FACILITY DESCRIPTION
The Naval Postgraduate School is used by the United States Navy for advanced training and educational
purposes. Building 700, the subject building of this report, is the Fleet Numerical Meteorology and
Oceanography Center (FNMOC). Building 700 houses a very large computer load and as a result, has an
extremely high HV AC load.
The facility is a slab-on-grade concrete structure. Building 700 has approximately 20% glass except for the
computer room, which comprises roughly 25% of the 40,416 square foot, one-story structure. The building
has no glass; the roof is well insulated with a cool-roof coating.
2.2 OMITTED
- --
2.3 HVAC SYSTEM DESCRIPTIONS
2.3.1 HVAC SYSTEM OVERVIEW
Building 700 was constructed in the early 1970's and the majority of the mechanical equipment dates from
that time.
The building is primarily served by eight air handlers. Six of the eight air handlers were installed during the
original building construction. Two were added in 1991 to provide conditioned air to the Cray computer area
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Mechanical cooling is provided by three air-cooled chillers which serve six of the eight air handlers.  
The two air handlers that provided conditioned air to the old Cray computer room are served by a pair 
of roof-mounted condensing units. Like the air handlers, these condensing units are currently out of 
operation.  A third condensing unit serves a fan coil unit located in the vault area near Room 164. 
 
Room 154A is served by two computer room air conditioners (CRAC- 1 & -2) located within the 
room and two air cooled heat exchangers (CRC-1 & -2) located on the roof above room 154A. This 
system is not currently operated. 
 
In addition to the major equipment described above, a heat pump and five fan coil units serve the 
building. The five fan coil units are located in rooms 169, 172A and 175, and two in room 171 where 
they provide additional cooling. The heat pump serves rooms 175A through 175F and 116A. 
 
Most of the major HVAC mechanical equipment is in generally good condition and does not require 
replacement. However, some of the older equipment is in need of repair. 
 
2.3.1.1 AIR SIDE SYSTEMS 
 
The following sections describe Building 700’s airside systems. 
 
2.3.1.1.1 AIR HANDLERS 
 
Building 700 is served by a total of eight air handlers, referred to as AHU-1 through AHU-8. AHU-1, 
2, 3, 7, and 8 serve computer rooms and are equipped with steam injection equipment for humidity 
control.  AHU-4, 5 and 6 serve office and administration areas. 
 
AHU-1 through AHU-6 were installed as part of the original building construction. AHU-1 through 
AHU-4 are original equipment and date to the 1970s. AHU-1, 2, 3 and 4 are located in the mechanical 
room. AHU-5 and 6 are located on the roof and were installed in 1997 to replace older roof-mounted 
air handlers. AHU-7 and 8 were installed in 1991 to serve the Cray computer area and are also located 
on the roof.  The Cray computers have since been removed and AHU-7 and 8 are currently out of 
service, however, this space may be use again in the near future for a similar application. 
 
Each of the eight air handlers includes a supply fan, a heating coil, and a cooling coil. The cooling 
coils in AHU-1 through 6 use chilled water from chillers CH-1 through CH-3, while the coils in 
AHU-7 and 8 use refrigerant from roof-mounted condensers C-1 and C-2. 
 
Air handlers AHU-1, 2 and 3 are constant-volume, reheat systems providing temperature and 
humidity controlled air to the Cyber computer rooms (rooms 156, 157, 158 and 159).   Air is cooled 
and dehumidified by with a chilled water coil, then re-humidified with steam injection before being 
delivered to a common supply plenum.  The supply plenum feeds five separate zones, each with a 
reheat coil controlled by a room thermostat.   
 
Two of the three fans are in operation at all times with the third fan providing backup.  These air 
handlers are controlled from a central pneumatic control panel in the main mechanical room.  
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Air handlers AHU-4, 5 and 6 provide temperature control to the administration area.  These air 
handlers are multi-zone units equipped with pneumatically operated dampers controlling the mixture 
of hot and cold air being supplied to the spaces served.  AHU-4 serves eight zones; AHU-5 serves six 
zones while AHU-6 serves four zones.  AHU-4 is equipped with a return fan while AHU-5 and 6 
have exhaust fans.  Economizers installed on the units have been disconnected and approximately 
40% fixed outside air is currently being provided. 
 
AHU-4 serves the rooms and hallways between Column Lines D to G and 1 to 4, as well as Room 
154A.  
 
Air handler AHU- 5 serves the rooms and hallways in the area bound by Column Lines E to J and 4 
to 6 except rooms 173, 174, 175, 178, 179, 180 and 181 which are served by AHU-4. 
 
AHU-6 serves the rooms and hallways to the south of column line G between Column Lines 1 and 3.   
 
AHU-4, 5 and 6 also operate continuously. Unlike the other air handlers, AHU-4, 5 and 6 provide no 
humidity control since they do not serve computer rooms. (Although AHU-4 does supply ventilation 
air to computer Room 154A, humidity control is provided by dedicated computer room air 
conditioners, CRAC-1 & 2).  
 
Air handlers AHU-7 and AHU-8 serve the former Cray computer area (Room 157A).  Originally, 
these units were not well suited for this service, as they were not designed to provide humidity 
control, an essential element of main frame computer rooms.  Steam injection devices were later 
installed in the supply air ducts downstream of the units.  
 
These units are also equipped with air side economizers.   It was believed that the systems allowed 
more outside air into the system than could be dehumidified by the cooling coils, so the economizers 
were disabled and the outside air dampers were eventually sealed closed to prevent the entrance of 
outside air.  The return fans within the units were disabled at the time the outside air dampers were 
sealed in an attempt to balance the air flows into and out of the space served. 
 
The following table provides equipment schedule data for these air handlers. Actual airflow rates 
and/or static pressures differ from the scheduled data and actual operating conditions are discussed in 
the individual ECO write-ups.  Estimated data in the following table are italicized. 
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2.3.1.1.2 EXHAUST SYSTEM 
 
Five roof-mounted exhaust fans serve various area of the building. EF-1 and 2 serve bathrooms while 
EF-3 serves a room which was originally a dark room. These three exhaust fans were installed as part 
of the original building construction. 
 
EF-4 was added in the early 1980’s to ventilate the mechanical equipment room 160A. Exhaust fan 
EF-5 was added as part of the Cray computer expansion, and serves the Cray mechanical room 
(Room 157B). This fan and a damper installed immediately below the fan are controlled by a 
thermostat.  
 
Exhaust fans EF-1 through EF-4 are controlled by manual on-off switches and operate continuously 
when the respective switch is in the ‘on’ position. 
 
The exhaust fans are small and have a negligible impact of the building’s energy consumption. 
 
2.3.1.2 COOLING SYSTEMS 
 
Building 700 is served by a total of six chillers, all located at ground level on the north end of the 
building. 
 
Three 90-ton, air-cooled chillers (CH-1, 2 & 3) are located outside the northwest corner of the 
building.  The chillers were installed about 20 years ago and appear to be in reasonably good 
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condition.  Three chilled water pumps (P-1, 2 & 3) are piped into a common header and circulate 
water through the chillers to form the primary pumping loop. 
 
The chilled water system provides chilled water to air handlers AHU-l, 2, and 3 through one 
secondary loop, and air handlers AHU-4, 5, and 6 and five fan coil units through a second secondary 
loop. The chilled water coils in AHU-1, 2, and 3 are used both for cooling and for dehumidification 
of the computer rooms, while the coils in AHU-4, 5 and 6 are used for cooling only. A third chilled 
water loop serves process loads which no longer exist, so this loop is currently not used. 
 
Three chillers (CH-6, 7 and 8) outside the northeast corner of the building once provided chilled 
water to the former Cyber and Cray mainframe computers. Chillers CH-6 and CH-7 (eighty-tons 
each) were installed in the mid-1980s to serve the mainframe computers that existed at that time. A 
3,000 gallon chilled water storage tank was added in 1987 to provide chilled water to the mainframe 
computers during electrical outages of up to 15 minutes.  Chilled water pumps P-12 and P-13 serve 
the chillers. The Cyber and Cray mainframe computers have been removed and subsequently these 
chillers and pumps are no longer operated. 
 
Chiller CH-8 was installed in 1991 to provide additional cooling capacity for the Cray computers 
which were installed shortly thereafter. CH-8 and an additional chilled water pump (P-14) were 
installed in parallel with CH-6 and CH-7 and their chilled water pumps. In addition, two chilled water 
booster pumps (a main and a spare) were installed in the Cray computer equipment room to provide 
additional pressure provided by the Cray water-cooled condenser. Chiller CH-8 is no longer operated 
as the equipment served has been removed. 
 
The chillers (CH-6, 7 and 8), controls and pumps serving the mainframe computers were connected to 
an Uninterruptible Power System (UPS) in 1987.  During power outages the computers, support 
equipment and computer room lighting are switched to the UPS system.  The thermal storage tank 
allowed for continued operation of the computers during the transition to UPS.  Space cooling 
chillers, CH-1, 2 and 3, are not connected to the UPS system and require manual restarting after the 
resumption of utility-provided power. In addition, the UPS does not serve the air handlers and related 
pumps.  
 
Chiller performance is estimated to be 0.9 kW/ton due to the cool ambient conditions of Monterey. 
The following table provides more information. 
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Table 2.3 - Chillers 
 
DESIGNATION CH-1, CH-2 and CH-3 
Manufacturer  Bohn 
Model No.  ACWC 90 SD 
Type  Screw 
Capacity (Tons) 90 (nominal) 
Full Load Efficiency 
 (kW/Ton) 
0.90 
Measured Power (kW) 
(CH-1/CH-2/CH-3) 
83.7 / 42.8 / 45.1  
Compressor 
(#/ Volts/Phase/RLA) 
2/ 460 / 3 / 73.7 
Condenser Fan 
(#/hp/Volts/Phase/FLA) 
6 / 1.5 / 460 / 1 / 3.5 




 Temp. (°F/°F) 
61.0 / 45.0 
Refrigerant R22 
Year Installed  1980 
Service Areas Computer room and 
offices 





The chillers are staged manually. An automatic shut off valve in the piping to each chiller is installed 
to prevent chilled water from be pumped through an ‘off’ chiller. Each of the chiller’s controls 
maintains a chilled water supply temperature of 45 degrees. During our site visit, all chillers were 
operating. 
 
AUXILIARY COOLING EQUIPMENT 
 
The primary chilled water pumps serving the chillers and secondary loops serving the air handlers 
operate 24/7. The following table provides more information. 
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5 / 135 / 55 
 
 




2.71 kW, 2.65 







AHU-4, 5 & 6 
 
 
7.5 / 145 / 85
 
 









P-5 and P-6 
Secondary CHW 
loop serving 
AHU-1, 2 & 3 
 
 
7.5 / 260 / 55
 
 















7.5 / 30 / 150
 
 











Chillers are piped in parallel in a primary-secondary arrangement. Two-way chilled water valves are 
used to control flow into the chilled water coils. 
 
 
2.3.1.3 HEATING SYSTEMS 
 
Two hot water boilers (HWB-1 and HWB-2) located in the mechanical room provide redundant hot 
water to the heating coils of the building’s eight air handling systems.  Each boiler is rated at 
1,000,000 Btu/hr.   
 
According to the Damatt study, the original heating design load for the building was approximately 
970,000 Btu/hr so either boiler was sized to provide the entire building heating load.  With the 
addition of the two air handlers installed in 1991 for the Cray computer area, the heating load of the 
building was increased by 275,000 Btu/hr.   
 
Both of the boilers, the pumps and the hot water distribution piping were installed as part of original 
building construction. However, the equipment appears to be in good condition, and has not required 
excessive maintenance.  The boiler controls are relatively new and are in good condition.  
 
The primary boiler load is used to reheat air that has been cooled to control relative humidity 
conditions. Building space heat due to low ambient air temperature is minimal in comparison. 
 
Two hot water circulation pumps, either of which can supply sufficient flow, serve all building 
heating requirements. The hot water circulation pump (manually selected) runs constantly, with water 
flow rates being controlled by flow control valves at each heating coil. 
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The following table provides more information. 
 
Table 2.5 - Heating Boiler(s)  
 
DESIGNATION B-1 and B-2 
Manufacturer  Peerless 
Model No.  GO-711FD-WUP 
Serial No. 7FD2502/7FD2503 
Fuel Types  Natural Gas 
Fuel Input Rate (Btu/hr) 1,076,500 
Output Capacity (Btu/hr)  860,000 
Boiler Type  Hot Water 
Blower (Volts/Ph/Amps) 480 / 3 / 0.9 
Installed/Built Year  1971 
Boiler Thermal Efficiency 80% 
Service Space heat 





Both of the hot water boilers are operated 24/7. Hot water supply temperature is maintained at 200 °F.   
 
AUXILIARY HEATING EQUIPMENT 
 
Two hot water loops (piped in parallel) circulate hot-water through the boilers. Loop 1 serves the 
office area air systems and is pumped by a single pump, P-9. Loop 2 serves the computer room reheat 
coils and is served by a pair of pumps, P-10 and P-11; one pump is stand-by. The following table 
provides data on these pumps.  
 
 

















3/ 20/ 70 
 
460 /3 /4.7 
 
78.5 







3/ 110/ 50 
 
460 /3 /4.4 
 
82.5 







5/ 110/ 50 
 
460 /3 /7.1 
 
Std 
Pump ‘On’ during 
survey 
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Heating coils are equipped with 2-way type valves, except the most remote heating coil in each loop, 
which is equipped with a 3-way at these coils. 
 
 
2.3.2 STEAM LOADS 
 
The steam system consists of two boilers located in the mechanical room, steam distribution piping 
and steam humidifiers located in each of the five air handlers that serve the computer rooms. Three of 
these air handlers (AHU- 1, 2 and 3) were installed as part of original building construction. Air 
handlers AHU-7 and 8 were installed to support the Cray computers and are also supplied 
humidifying steam from the steam boilers. Room 154 is equipped with Computer Room Air 
Conditioners (CRAC-1 & 2) that include self-contained humidity controls and are not served by the 
steam boilers. 
 
The boilers are rated at 708 and 252 lbs/hr. During the audit, only minor steam usage was observed 
and only the smaller of the two boilers was operating.  The boilers are staged based on steam 
pressure.    
 
 
Table 2.7 - Steam Boilers 
 
DESIGNATION B-3 B-4 
Manufacturer  Peerless Weil McLain 
Model No.  GO-706FDA-SUP P-576-S 
Serial No. 7FDA-3740-0584  
Fuel Types  Natural Gas Natural Gas 
Fuel Input Rate (Btu/hr) 708,000 491,000 
Output Capacity (Btu/hr)  529,600 396,000 
Boiler Type  5 # Steam 10 # Steam 
Blower (Volts/Ph/Amps) 480/ 3/ 0.7 115/ 1/ 5.6 
Year Installed  1971  
Boiler Thermal Efficiency 75% 80% 
Service Humidifiers Humidifiers  
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2.3.3 MISCELLANEOUS EQUIPMENT 
 
Fan coil units are located in the ceiling space above rooms 169, 171, 172A and 175. Two units are 
located above room 171. These units consist of a fan and a cooling coil.  
 
Two split system, computer room air conditioning (CRAC) units provide temperature and humidity 
control to computer room 154A.  The roof-mounted cooling coils (CRC-1 & 2) cool glycol for the 
CRAC units. Water for the reheat coils within the CRAC units is supplied by the hot water boilers 
and circulated by pump P-9. Additional ventilation air is supplied to room 154A by air handler AHU-
4. 
 
Two roof-mounted compressor/condenser units (C-1 and C-2) installed in 1991 serve air handlers 
AHU-7 and AHU-8.   
 
A roof-mounted heat pump (HP-1) was installed to provide cooled or heated air to Rooms 175A 
through 175F and operates continuously. 
 
A three-ton split-system air conditioning unit (C-3) installed around 1982 provides cooled air to the 
vault area of Room 164 and operates continuously. 
 
Ventilation fan VF-1 provides air for the main electrical room.  A cooling coil, served by chillers 
(CH-1, CH-2 & CH-3) and pump P-7 or P-8, is available but not currently used. 
 
2.3.4 INSTRUMENTATION AND CONTROLS 
 
The majority of the installed instrumentation and controls are pneumatic. The internal controls on the 
chillers, condensers and the heat pump are electronic. The instruments and controls are generally in 
good condition. 
 
The majority of the originally installed air conditioning, heating and humidification control 
equipment, including related pumps and air compressors, are monitored and/or controlled from a 
master panel in the main mechanical room. Humidity and temperature of the air supplied by AHU-1, 
2, and 3 are controlled from this panel, while the air handlers serving offices and hallways are 
controlled by thermostats within the space. A few gauges on this panel appear to be inoperative, but 
most of the devices are serviceable. We did find evidence of systems that were out of calibration 
and/or were being improperly controlled. This is discussed in the respective individual energy 
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3. HISTORICAL ENERGY SUMMARY 
 
During the most recent 12 month period for which utility bills were made available (2002-2003 year), 
NPS spent $503,405 for electricity and natural gas consumed at Building 700 (note this amount 
includes natural gas usage at Buildings 702 and 704 which are supplied by the same meter serving 
Building 700). 
 
Building 700 electricity is served from a nearby building which houses an emergency generator and 
UPS for the building. This service is dedicated to Building 700. Electric usage for the period 
December 2001 through November 2002 was 3,720,306 kWh, with a corresponding use index of 92.1 
kWh/sf/year. Demand is unreported. The annual electric cost for this period was $425,153. 
 
A third party supplier, Strategic Energy, provides electricity commodity, with transportation and 
distribution by PG&E. Strategic Energy provides electricity at a flat rate of $0.083/kWh regardless of 
season or time-of-day.  PG&E’s transportation and distribution charges are based on an E-19P rate 
schedule. One actual PG&E bill was provided, but because of the way the PG&E billing system 
credits the direct access commodity portion of the bill, actual TOD rates cannot be estimated.  Also, 
noting that transmission and distribution on-peak demand cost during the summer is only $4.39; the 
majority of the bill is based on a cost per kWh basis. For these reasons, a straight $0.0313/kWh was 
used for T&D charges, resulting in an overall average annual rate of $0.1143/kWh. We also noted 
that a low power factor charge is assessed (representing 0.5% of the total bill) but no taxes are 
assessed. 
 
Pacific Gas & Electric provides natural gas to the site.  This gas service supplies Buildings 700, 702 
and 704. For the period June 2002 to May 2003 the natural gas usage was 117,608 therms at a cost of 
$76,736. Average natural gas cost is $0.6557 per therm.  
 
The following graphs represent the metered energy usage of this facility.  As can be seen, the month 
of July 2002 shows an apparent drop in electricity usage for that month.  In conversations with NPS 
personnel, no change in operations occurred during this month, and it is believed that perhaps a credit 
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4. ANALYSIS METHODOLOGY 
 
4.1 DESCRIPTION OF METHODS 
 
Energy calculations were performed using a modified BIN weather analysis.  Data used in the analysis 
included equipment data obtained from the site and drawings, as well as field measured data.  
 
The bins are separated into 24 hour increments for 5 day types per month (1,440 bins). The day types are 
based on temperature distribution for four weekday-types for each month and an average weekend day for 
each month. The four temperature distribution day types include a peak temperature day, an upper third 
temperature day (i.e., a hot day), an intermediate third temperature day (i.e., a moderate day) and a lower 
third temperature day (i.e., a mild day). The number of days each month varies from bin to bin based on 
how they align with the temperature profiles. These calculation routines provide a degree of accuracy 
approaching an 8,760 hour analysis and are 24-hour based to assess time-of-use and seasonal rate 
structures.  Furthermore, the models are very adaptable to incorporating field-collected metering data. 
 
The analysis was performed by developing an energy model of the building using 8,760 hour weather 
data from TMY2 data for California climate zone 3.  The weather data was used to determine the number 
of mild, moderate and hot days in each month. 
 
The weather-dependent loads were modeled based on measured data, system configuration and control 
sequences.  Assumptions were made to estimate the non-weather dependent loads such as computer 
equipment, lighting and miscellaneous plug loads. Finally, the model was calibrated against the monthly 
energy bills from the previous year. 
 
The following data were collected during the site visit and used to perform the analysis: 
 
1) Annual building electricity usage (billing data) 
2) Annual building natural gas usage (billing data) 
3) Existing system water and airflow rates estimated from data taken in 1996 and modified using 
new power consumption measurements 
4) Spot temperature measurements used to evaluate existing control sequences (these measurements 
revealed active hot and cold decks on the multi-zone units, economizers not operating properly 
and active reheat at all 5 zones of AHU-1, 2 and 3) 
5) Power (kW) of fan and pump motors larger than 3 HP 
6) Building electrical and mechanical plans  
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7) Two-week monitored data of computer room temperature and humidity as well as key air handler 
system temperatures.  Temperature loggers were placed in the following locations and logged 
data at 3 to 5 minute intervals for a period of 15 days:  
a) AHU-1, 2 and 3 
i) Coiling coil supply air temperature and humidity 
ii) Zone supply air temperatures downstream of reheat coils (5 zones) 
iii) Zone temperature and humidity (5 zones) 
iv) Mixed air temperatures (4 locations) 
v) Outside air temperature 
b) AHU-4, 5 and 6 
i) Hot deck supply air temperature 
ii) Cold deck supply temperature 
iii) Return air temperature 
iv) Mixed air temperatures (2 locations each unit) 
v) Outside air temperature 
 
The modeled facility exceeded the 2002 electrical energy consumption of 3,720,306 kWh by 12 
percent. Upon researching this situation, we were informed that the computer room load (currently at 
251.5 kW) had increased by 15% to 20% due to the installation of new equipment at the beginning of 
2003. The following table and graph depict the end-use breakdown of the adjusted energy baseline 
and is believed to be representative of the facility’s current energy consumption. 
 
End Use Breakdown kW kWh Percent Load
Computer Equipment 251.5 2,203,140     52.7%
Lighting 43.1 128,822        3.1%
Misc. Equip. 34.3 89,153          2.1%
Air Handlers 67.9 595,255        14.2%
Chillers 171.6 942,539        22.5%
Chiller Pumps 17.3 151,435        3.6%
Misc. HVAC 12.2 72,812          1.7%
597.9 4,183,156     100.0%  
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The following displays this information graphically. 
 






















Once adjusted for the recently added computer load, the model was adjusted a second time to reflect 
the potential future use of the Cray computer room assuming a similar application.  An increased 
computer load of 96 kW was assumed, which would be served through the renewed operation of 
AHU-7 and 8.  As discussed previously, these units have not operated over the past year. 
 
This adjusted baseline model served as the basis for the analysis of the ensuing energy conservation 
opportunities.  Where there are interactive affects between measures, ECOs were modeled 




Naval Postgraduate School, Monterey, CA 
HVAC Assessment Study 
Building 700  
September 24, 2003 
 
 22  
  
 
5. ENERGY CONSERVATION OPPORTUNITIES 
 
Five energy conservation measures were identified for consideration and analysis for the Building 
700 HVAC Assessment Study: 
 
ECO 1 – AHU-1, 2 and 3 Modification - Convert to variable-air-volume, improve humidification 
control and add direct digital controls 
ECO 2 – Add Economizers to AHU-1, 2 and 3 
ECO 3 – AHU-4, 5 and 6 Modification - Convert multi-zone systems to variable-air-volume, 
refurbish economizers and add direct digital controls 
ECO 4 – AHU-7 and 8 Modification - Add a variable frequency drive (VFD) to supply and return 
fans, convert from DX to chilled water cooling, refurbish economizers and add direct digital controls 
ECO 5 – VFD on chilled water pumps P-4, 5 and 6 and add direct digital controls 
 
The following pages give a brief description of each of the above ECOs. The project description 
provides a brief overview of the proposed ECO in relation to the existing systems. A detailed analysis 
of each ECO can be found in the appendix.  
 
ECO Rebates 
The State of California “2003 Standard Performance Contract” program, administered by the investor 
owned utilities (PG&E) was used to estimate the incentive funds available for each ECO.  Though 
this project would not be implemented within the 2003 program, a similar if not identical program is 
expected to be in place for the next few years. This program provides an incentive of $0.14 per annual 
kWh savings and $0.60 per annual therm savings, limited to 50% of the construction cost. 
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ECO-1  AHU - 1, 2 and 3 Modification  
Convert to Variable-Air-Volume, Improve Humidification Control  
and Add Direct Digital Controls 
 
Project Description 
AHUs – 1, 2 and 3 are large constant-volume reheat systems.  Each air handler consists of a cooling 
coil (which provides cooling and dehumidification of the supply air) and a humidifier at the intake of 
each supply fan.  The three supply fans provide cold, humidified air to a common plenum. Two of the 
three fans run at any given time, with the third fan serving as backup.  The plenum feeds five zones 
which have reheat coils controlled by a zone thermostat. 
 
The first part of this measure entails converting the three air handling units to variable-air-volume 
systems.  This part of the project consists of installing a variable frequency drive (VFD) on each of 
the supply fans and a VAV damper at the discharge of each of the reheat coils serving the five major 
zones.  The VAV dampers will be controlled by the zone thermostats.  When the VAV dampers are in 
their minimum position and heating is required, the zone thermostats would then control the reheat 
coils to bring the zone to set point.  The VFDs will be controlled to maintain a constant static pressure 
in the supply air plenum.   
 
The second part of this measure is to improve the humidification controls.  The existing steam 
humidifiers, located downstream of the three cooling coils, and their controls will be removed.  New 
humidifiers will be installed at the discharge of each of the five reheat coils.  These will be controlled 
by new humidistats located within each zone served. 
 
ECO Relevant Metered Data 
 
The following metered data was used in this analysis. 
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This graph shows a large amount of reheat occurring in Zone-‘A’ because excessive air is delivered to 
this area of the computer room. This temperature data was used in the following calculation of zone 
thermal loads.  Implementation of this ECO will address this air balance problem. 
 
AHU-1, 2 & 3  Zone Load Calcualtions from Monitoring Data
S1_SAT (*F)
S3_SAT (*F)
Avg. Avg. Avg. Room Room Plenum
System Zones Rm T SAT DAT CFM Qs (Btuh) Qs (%) Qs (%) RAT
Zone A 71.54 70.82 53.7 12,400 9,833 1.79% 5,549 71.95
Zone B 68.79 58.44 54.0 12,400 141,066 25.71% 79,599 74.62
Zone C1 68.03 57.83 54.3 12,400 139,204 25.37% 78,549 73.79
Zone C2 67.48 58.50 53.7 12,400 122,410 22.31% 69,073 72.54
Zone C3 67.65 57.66 54.3 12,400 136,221 24.82% 76,865 73.28
Totals 62,000 548,735 309,635
Total
Qs CFM
Zone A = Zone 1 15,382 12,400
Zone B, C1 = Zone 2 438,418 24,800
Zone C2, C3 = Zone 3 404,569 24,800  
 
The zones are maintained between 68 oF and 72 oF.  The following data shows the relative humidity 
levels maintained in each zone. The energy model inputs include 55% maximum humidity set point 
and 45% minimum humidity set point. 
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Air handler air-flow rates are based upon measured power consumption of the supply fan motors and 
reasonable assumptions of system static pressures and fan efficiencies. This analysis showed AHU-1 
and AHU-3 provide more air than required under original design conditions. This situation is likely 
because with one air handler disabled (AHU-2), the system supply duct exerts less static. It is likely 
the fan speeds have been increased to maximize air delivery to the space when the computer room 
was more densely populated. The implementation of this measure will virtually eliminate reheat while 
slightly reducing overall system air-flow rates, resulting in a reduction of fan, cooling and heating 
energy. Every Btu of reheat and fan heat eliminated from the system will result in a Btu of cooling 
savings.   
 
ECO Dependency 
This measure was modeled assuming the existing system as the base case, adjusted for the increased 
computer load added earlier this year. 
 
Major Equipment and Materials 
1) Three (3) 40  hp variable frequency drives 
2) Five (5) VAV conversion dampers with associated actuators 
3) Static pressure sensor for VFD speed control 
4) Five (5) zone humidifiers with associated humidistats 
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5) DDC controls 
Supply air temperature control 
a) (3) analog inputs for supply air temperature 
b) (3) analog outputs for chilled water coil control valves 
Static pressure control 
c) (3) analog inputs for supply air static pressure 
d) (3) analog outputs for supply fan VFD control 
e) (3) analog inputs for supply fan VFD speed 
Zone temperature control 
f) (5) analog inputs for room temperature 
g) (5) analog outputs for VAV damper control 
h) (5) analog outputs for reheat coil control valves 
Humidity control 
i) (5) analog inputs for zone humidity 
j) (5) analog outputs for zone humidity control 
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ECO-2  Add Economizers to AHU - 1, 2, and 3 
 
Project Description 
This measure considers adding an economizer to AHU-1, 2 and 3 so that outside air can be used to 
help cool the building as conditions allow.  These air handlers currently share a common intake and 
return air plenum.  This measure will be implemented by expanding the existing outside air intake 
such that the air handlers are able to provide 100% outside air (they are currently sized to provide the 
minimum outside air required by code).  An opening for exhaust air will also need to be added.  A set 
of outside air, return air and exhaust air dampers will be installed to allow the return air and outside 
air to mix in a proportion that minimizes the amount of mechanical cooling.   
 
The economizer controls will determine the optimal amount of outside air for introduction into the 
HVAC system based on the comparative return air and outside air enthalpies. The implementation of 
enthalpy controls is important in this measure due to the strict need to maintain computer room 
relative humidity. During the cooling mode, if return air enthalpy is lower than ambient enthalpy, the 
minimum amount of outside air will be provided by positioning the outside air dampers to their 
minimum position. If return air enthalpy is higher than the ambient enthalpy, the amount of outside 
air intake will be progressively increased by opening the outside air and exhaust air dampers position 
while closing the return air dampers. DDC-based feedback control will be employed based on mixed 
air temperature and supply air temperature to optimize the control sequence. 
 
The metered data was expected to allow us to estimate the outside air percentage through an energy 
balance, however due to the unexpected high amounts of heat pick-up in the return air plenum and 
unknown quantities of re-circulated supply air through non-operated AHU-2, we were unable to 
calculate a percentage. The amount of outside air was instead estimated to be 10 percent.  This was 
based on interviews conducted during the site visit and field observations of the relative sizes of the 
outside and return air ductwork. 
 
This measure saves substantial chiller cooling load. 
 
ECO Dependency 
This measure was modeled assuming the ECO-1 was implemented. 
 
Major equipment and materials 
1) Economizer dampers (return, outside and exhaust air) and associated actuators 
2) DDC Controls: 
a) (1) Analog input for outside air temperature  
b) (1) Analog input for return air temperature 
c) (1) Analog input for outside air wet-bulb temperature 
d) (1) Analog input for return air wet-bulb temperature 
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ECO-3  AHU – 4, 5 and 6 Modification  
Convert Multi-zone Systems to Variable-Air-Volume, Refurbish Economizers  
and Add Direct Digital Controls 
 
Project Description 
Currently air handlers AHU-4, 5 and 6 are multi-zone, constant-volume systems.  Hot air is produced by 
passing air through a hot water coil and into a “hot deck”.  Cold air is produced by passing air through a 
chilled water coil and into a “cold deck”.  The heated and cooled air streams are then blended for each 
zone in the proportion required for the zone to achieve set point.  The simultaneous heating and cooling of 
hot and cold air is a very inefficient and costly method of controlling space temperature.   
 
This ECO proposes converting these air handlers to variable-air-volume systems.  The retrofit would 
consist of installing variable-air-volume boxes for each zone, installing a variable frequency drive on the 
supply and exhaust/return fan motors for each air handler, and installing direct digital controls.  Fan 
energy savings, in addition to cooling and heating energy savings, would result. The fans are able to 
unload during mild weather conditions and the hot and cold deck blending is reduced.  
 
Zone temperature control will be achieved by controlling the VAV box damper position.  During the 
cooling mode, the box will open as cooling is required.  When set point is achieved, the VAV box will 
close to its minimum position.   
 
The mixed air temperature for each zone will be controlled based on the zone’s VAV box damper 
position.  When the damper is fully open, the mixed air temperature will be lowered by opening the cold 
deck damper and closing the hot deck damper proportionally.  As zone set point is achieved and the VAV 
box damper closes, the mixed air temperature will begin to increase by closing the cold deck dampers and 
opening the hot deck dampers. 
 
The cooling coil valve and hot water valve will be controlled to maintain the cold deck and hot deck 
temperatures, respectively.  The cold and hot deck temperatures will be reset based on the zones with the 
greatest cooling requirement and heating requirement, respectively. 
 
Approximately eighteen (18) zones (or terminal locations) are being considered for the retrofit; (8) for 
AHU-4, (6) for AHU-5 and (4) for AHU-6. 
 
AHU-4, AHU-5 and AHU-6 all operated 24 hours per day, year round. The computer control systems will 
provide additional savings by reducing the operating periods of these units to correspond with occupancy 
plus additional warm-up time. 
 
ECO Relevant Metered Data 
The following metered data was used in this analysis. 
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Each graph shows that the hot deck discharge temperature increases with the ambient temperature, 
meaning that during the heating season, hot deck temperatures are at their lowest settings. The 
situation is so severe with AHU-4 it would not be surprising that this air handler would have 
difficulties providing adequate heating in the winter. This control also serves to explain why high 
deck temperatures are set relatively high at AHU-5 and AHU-6. This control strategy is extremely 
energy intensive. The following graph provides an evaluation of each system’s hot deck control. 
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The following graphs shows the results of the energy balances used to predict economizer control. 
 
Naval Postgraduate School, Monterey, CA 
HVAC Assessment Study 
Building 700  
September 24, 2003 
 
 32  
  
 












50.00 52.00 54.00 56.00 58.00 60.00 62.00 64.00
 
 












50.00 55.00 60.00 65.00 70.00
 
 
Naval Postgraduate School, Monterey, CA 
HVAC Assessment Study 
Building 700  
September 24, 2003 
 
 33  
  
 










52.00 55.00 58.00 61.00 64.00
 
 
Each graph clearly shows the economizer on each of these systems is inoperative, corroborating the 
observation that the damper operators were disconnected on AHU-5 and AHU-6.  These systems are 
maintaining roughly 40% outside air delivery to the spaces served at all times.   
 
Finally, the cold deck on AHU-6 uses some form of reset control as depicted in the following graph. 
 
AHU-6 Cold Deck Reset
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The existing control strategies were programmed into the spreadsheet computer models.   
 
ECO Dependency 
This measure was modeled assuming the existing system as the base case. 
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Major equipment and materials 
1) (2) 7.5 hp variable frequency drives for AHU-4 and 6 supply fans 
2) (1) 5 hp variable frequency drives for AHU-5 supply fan 
3) (2) 3 hp variable frequency drives for AHU-5 and 6 exhaust fans 
4) (1) 2 hp variable frequency drives for AHU-4 return fan 
5) (18) variable-air-volume boxes or retrofit kits 
6) Material and labor for rehabilitation of economizers, as needed 
7) Direct digital control points: 
Primary temperature control 
a) (6) analog inputs for hot/cold deck temperature 
b) (6) analog outputs for heating/chilled water coil control valves 
Static pressure control 
c) (6) analog inputs for hot/cold deck static pressure 
d) (3) analog outputs for supply fan VFD control 
e) (3) analog inputs for supply fan VFD speed 
Time of day control 
f) (3) digital outputs for supply fan start/stop 
g) (3) digital outputs for return/exhaust fan start/stop 
Building pressure control 
h) (3) analog inputs for building static pressure 
i) (3) analog outputs for return fan VFD control 
j) (3) analog inputs for return/exhaust fan VFD speed 
Economizer control 
k) (3) analog inputs for return air wet-bulb temperature 
l) (1) analog input for outside air wet-bulb temperature 
m) (3) analog inputs for return air temperature 
n) (1) analog input for outside air temperature 
o) (3) analog outputs for economizer damper control 
Zone temperature controls 
p) (18) analog inputs for room temperature 
q) (18) analog outputs for VAV box control 
r) (18) analog inputs for mixed air temperature 
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ECO-4  AHU – 7 and 8 Modification  
Add VFD to Supply and Return Fans and Convert from DX to Chilled Water Cooling, 
Refurbish Economizers and Add Direct Digital Controls 
 
Project Description 
AHU- 7 and 8 are constant volume air handlers with direct expansion (DX) cooling coils serving the 
Cray computer room.  Cooling and dehumidification are provided by a pair of 30-ton, air-cooled 
condensing units, one for each unit.  Heating is provided by a hot water coil.  Finally, re-
humidification is provided by injecting steam into the air stream. The units are presently inoperative 
because the space is not currently being used.  This ECO should be implemented prior to any regular 
use of the space.  
 
This measure involves adding a VFD to control the supply fan and return fans of the units.  Because 
direct expansion coils require a constant air flow, the DX coils will need to be replaced with chilled 
water coils as part of this measure. Chilled water will be provided by the two existing 80-ton chillers 
(CH-6 and 7) that are currently abandoned in place.  This aspect of the project will introduce 
additional energy savings as well, because the chillers have a higher efficiency than the DX units.  
Also, inefficient system cycling will be eliminated because the chilled water coils, unlike the DX 
coils, will be able to operate at partial cooling loads.  For this measure, CH-6 should be the primary 
chiller because, according to site personnel, it is in the best condition of the three available chillers.  
CH-7 is in fair condition and should be the secondary chiller.  CH-8 is in very poor condition, is not 
required and should not be refurbished as part of this project. 
 
The VFD for each supply fan will be controlled by the room temperature sensor.  The fan will operate 
at full speed when maximum cooling is required (with the cooling coil in the fully open position).  As 
the cooling load is met, the VFD will reduce the fan speed, reducing air volume and the amount of 
cooling provided. When the fan is in its minimum position, and the cooling load has been met, the 
cooling coil will begin to close.  However, the dehumidification function of the cooling coils will 
need to override the temperature controls, meaning the cooling coils may need to be open though 
cooling is not required.  During this condition, the heating coil will be opened in order to meet the 
temperature requirement of the computer rooms.   
 
The return fan is currently inoperative.  As part of this measure, the return fan should be reinstated.  
The VFD will control the fan on the differential pressure between the computer room and adjoining 
area such that the computer room pressure is slightly positive relative to the adjoining area.  This will 
prevent the migration of dust particles and other potential air contaminants into the computer room. 
 
ECO Relevant Metered Data 
These systems are not currently operated and thus no monitored data could be taken. The savings 
calculations are based on similar conditions as found for AHU-1 and AHU-3 (less the air balance 
problem observed at zone 1).   
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This measure was modeled assuming the existing system as the base case, adjusted for the potential 
addition of computer loads that may be added to this space in the future.  A total of 96 kW of 
computer load was assumed.  This amount of load is roughly two-thirds of the capacity that can be 
served by both air handling units. The savings calculations are significantly impacted by the amount 
of space load added, but regardless, should either or both of these systems be reinstated in the future, 
this measure warrants serious consideration.  
 
Major equipment and materials 
1) (2) 15 hp variable frequency drives for supply fans 
2) (2) 7.5 hp variable frequency drives for return fans 
3) (2) chilled water coils 
4) Chilled water piping between Chiller-6 and 7 to new cooling coils 
5) (2) new chilled water pumps 
6) Material and labor for refurbishment of Chiller-6 and 7, as needed 
7) Material and labor for refurbishment of economizers, as needed 
8) Direct digital control points: 
Supply air temperature control 
a) (2) analog inputs for supply air temperature 
b) (4) analog outputs for heating/chilled water coil control valves 
Room temperature control 
c) (2) analog inputs for room temperature 
d) (2) analog outputs for supply fan VFD control 
e) (2) analog inputs for supply fan VFD speed 
Humidity control 
f) (2) analog inputs for room humidity 
g) (2) analog outputs for room humidity control 
Building pressure control 
h) (2) analog inputs for building static pressure 
i) (2) analog outputs for return fan VFD control 
j) (2) analog inputs for return/exhaust fan VFD speed 
Economizer control 
k) (2) analog inputs for return air wet-bulb temperature 
l) (1) analog input for outside air wet-bulb temperature 
m) (2) analog inputs for return air temperature 
n) (1) analog input for outside air temperature 
o) (2) analog outputs for economizer damper control 
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The chiller plant is currently configured in a primary-secondary chilled water piping arrangement. 
This arrangement decouples the chillers from the chilled water system, permitting variable flow 
within the distribution system while maintaining constant flow through the chillers.  
 
The constant flow primary side of this system serves chillers CH-1, CH-2 and CH-3, which are piped 
into a common header served by chilled water pumps P-1, P-2 and P-3. CH-1, CH-2 and CH-3 each 
have isolation valves to prevent chilled water from flowing through non-operating chillers.  
 
Three secondary chilled water loops connect to the primary side of the system. Loop 1 consist of 7.5 
hp pumps P-5 and P-6 which serve air handlers AHU-1, AHU-2, and AHU-3. Loop 2 consists of 7.5 
hp pumps P-7 and P-8 (standby), which once served water-cooled computer room equipment that no 
longer exists.  These pumps also provide cooling to the main electrical room. Loop 3 consists of 7.5 
hp pump P-4 which serves air handlers AHU-4, AHU-5, and AHU-6.  All air handler systems use 
two-way valves to control the flow of chilled water into the cooling coils.  Chilled water pressure is 
currently maintained using blending and balancing valves on all three loops. 
 
This ECO proposes to remove blending and balancing valves on the three secondary chilled water 
loops, installing check valves in each of three by-pass loops, and installing VFDs on chilled water 
pumps P-4, P-5and P-6. Pressure differential sensors are required to control the VFDs on each 
secondary chilled water loop. Direct digital controls will be required to modulate the VFD speeds 
based on loop differential pressure. 
 
Installing variable flow pumping will have two benefits. The obvious is to reduce pumping energy 
consumption. The second is to maintain colder chilled water to the chilled water coils. Currently the 
constant flow secondary system automatically resets the chilled water supply to loops 2 and 3 as the 
air handlers reduce load. 
 
ECO Relevant Data 
The measured power consumption of these pumps is used in the savings calculation of this measure. 
These measured values are provided in the chilled water pump equipment descriptions table. 
 
ECO Dependency 
This measure assumes ECO-1, 2, 3 and 4 have been implemented. 
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Major equipment and materials 
1) (4) 7.5 hp variable frequency drives 
2) (3) check valves (each approx. 4 inches) 
3) (3) differential pressure sensors 
4) Remove (2) mixing valves and (2) balancing valves 
5) DDC controls: 
(3) Analog inputs for differential pressure 
(4) Analog outputs for VFD control 
(4) Analog inputs for VFD speed 
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Energy Management and Control System 
 
Direct digital controls are an integral part of the five ECOs evaluated for this building, and will 
enhance energy savings by providing precise control of the controlled equipment and systems.  In 
addition to producing energy savings, direct digital controls result in more precise temperature and 
humidity control of the critical areas within Building 700. 
 
Direct digital controls are best implemented in an integrated fashion through an Energy Management 
and Control System (EMCS).  The EMCS consists of a front-end controller with user interface along 
with discreet control points consisting of digital and analog inputs and outputs.  In addition the EMCS 
should have the capability to generate user-defined alarms, trend logs and reports. 
 
The cost of the discreet control points required for each of the five ECOs considered in this study is 
included in the cost estimates for the associated ECO.   The cost of the front-end, graphical user 
interface is proportioned between the five measures.   
 
The system will provide monitoring and control of the eight air handling systems, boilers, chillers and 
pumping systems that serve the building. The control strategies are described below: 
 
Time of Day Scheduling (AHU-4, 5 and 6) 
These systems currently operate around-the-clock though they do not serve any critical environment 
equipment or systems.  The EMCS will control these units to provide the required temperature during 
occupancy periods only.   
 
The most efficient way of performing this function is through an optimum start/stop program.  The 
EMCS will enable the AHUs at the latest possible time in order to achieve the required temperature 
upon scheduled occupancy.  The EMCS will close the heating and cooling coils at the latest possible 
time, allowing the building to “ride through” the end of the day without providing heating or cooling.  
The fan will continue to run until the end occupancy because ventilation is required whenever the 
served areas are occupied. 
 
Night setback/setup should also be employed for these units.  Based on the schedule of occupancy, 
the systems should be operated to maintain a 5 oF (adjustable) space temperature setback for heating 
and cooling during unoccupied periods. 
 
Supply air reset (AHU-1, 2, 3, 7 and 8) 
This sequence allows the supply air temperature to be reset based on the zone requiring the most 
cooling with upper limit humidity override. Air flow rates are adjusted before reset is applied and will 
be increased if either high or low humidity conditions exist.  
 
Naval Postgraduate School, Monterey, CA 
HVAC Assessment Study 
Building 700  
September 24, 2003 
 
 40  
  
 
Hot and cold deck temperature reset (AHU- 4, 5 and 6) 
This project proposes the reset of the hot and cold deck temperatures on systems AHU-4, 5, and 6 
based on their critical zones(s).  Hot deck temperature set points will be reset to provide air no 
warmer than necessary to heat the zone requiring the most heating (i.e., the temperature of the coolest 
zone).  The cold deck temperature set point will be reset to provide air no colder than necessary to 
cool the zone requiring most cooling (i.e., the temperature of the warmest zone).  Figure 1 below 















Point Room Temp. "Range"
where reduced amounts of
hot duct air are mixed with
reduced amounts of cold
duct air to maintain







The offset control changes the “range” where hot duct air and cold duct air flows overlap, which 
establishes the minimum CFM and also establishes the cooling set point.  Zone volume controls will 
be modulated to minimum air flow and the multizone zone control dampers will be modulated  within 
the room temperature “Range”.  
 
Supply fan speed control (AHU-4, 5 and 6) 
Static pressure sensors shall be installed in both the hot deck supply and cold deck supply mains, with 
the sensors located between the heating and cooling coils, respectively, and the mixed air dampers.  
The EMCS will control supply fan speed to maintain lowest duct static pressure at set point (approx. 
0.5″ w.g.).   
 
Return/Exhaust fan speed control (AHU-4, 5, 6, 7, and 8) 
A building differential pressure controller will vary the speed of return/exhaust fan to maintain space 
static pressure at set point.  The low pressure pick-up will be approximately eight feet above highest 
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point at center of roof (or penthouse) within wind shield.  The high pressure pick-up will be located in 
the center of the largest zone served by the air handler, preferably away from exterior zones.   
 
Mixed air economizer control (All Air Handlers) 
Economizer controls do not exist on AHU-1, 2 and 3. The existing economizer controls on air 
handling units AHU-4, 5, 6, 7, and 8 are presently non-operational. Consequently, the outside air 
dampers remain in a fixed position throughout operation. This fixed position varies from air handler 
to air handler, but overall it is reasonable to estimate a small percentage of outside air is entering 
through the dampers. At certain ambient temperatures, the outside air may be used to provide “free 
cooling” provided proper economizer control is restored.  
 
Based on the mode of operation, return air enthalpy and outside air enthalpy, the EMCS will 
determine the optimum amount of outside air for introduction into the HVAC system. During the 
cooling mode, if return air enthalpy is lower than ambient enthalpy, the EMCS will provide the 
minimum amount of outside air by positioning the outside air dampers at their minimum position. If 
return air enthalpy is higher than the ambient enthalpy, the EMCS will progressively increase the 
amount of outside air intake by adjusting dampers position towards maximum setting.  The EMCS 
will employ feedback control based on mixed air temperature and supply air temperature to optimize 
sequence. 
 
The EMCS will use the cooling coils as a second stage of cooling when the economizers are unable to 
provide the full cooling load, or when a cooler set point is required to meet the dehumidification 
requirement of the area served.   
 
Figures 2 and 3 illustrate the proposed economizer control strategy. Temperature controlled 
economizers are depicted below, however we are recommending that enthalpy control be added to 
















Cold Duct Controller Output
Outside Air Dampers Minimum Position
Outside Air Dampers 100% Open
Chilled Water Valve Closed
Chilled Water Valve 100% Open
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The following Tables provide a summary of the energy savings, energy cost savings, Operations and Maintenance impacts, project costs, estimated 
Utility Incentives, Simple Payback and Life Cycle Economics associated with each of these Energy Conservation Opportunities. 
 
ENERGY CONSERVATION OPPORTUNITY SUMMARY
ECM # MEASURE PEAK ELECTRIC ELECTRIC GAS GAS ANNUAL ESTIMATED
DESCRIPTION DEMAND ENERGY COST ENERGY COST ENERGY PROJECT UTILITY
REDUCTION SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS COST INCENTIVE
(kW/Month) (kWh/Yr) ($/Yr) (Therm/Yr) ($/Yr) ($/Yr) ($) ($)
1 AHU-1, 2 and 3 Modification 17.7 306,060 34,976$        27,855 18,175$        62,832$          129,339$      59,562$        
2 Install Economizers on AHU-1, 2 and 3 14.6 351,812 40,205$        -13 (8)$               40,192$          69,489$        49,246$        
3 AHU-4, 5 and 6 Modification 8.8 263,162 30,074$        20,648 13,472$        50,722$          135,122$      49,231$        
4 AHU-7 and 8 Modification 19.2 552,993 63,196$        7,037 4,592$          70,233$          124,488$      81,641$        
5 Install VFDs on Chilled Water Pumps P-4, 5 and 6 2.7 63,594 7,268$         0 -$            7,268$           47,754$       8,903$         
TOTALS FOR RECOMMENDED MEASURES 63.0 1,537,622 175,718$      55,528 36,230$        231,245$        506,192$      248,584$      
ENERGY CONSERVATION OPPORTUNITY LIFE CYCLE ECONOMIC SUMMARY
ECM # MEASURE TOTAL NET SIMPLE SAVINGS ADJUSTED LIFE CYCLE LIFE CYCLE LIFE CYCLE
DESCRIPTION ANNUAL PROJECT PAYBACK TO INTERNAL CO2 SO2 NOX
SAVINGS COST PERIOD INVESTMENT ROR REDUCTION REDUCTION REDUCTION
($/Yr) ($) (yrs) RATIO (%) (kg) (kg) (kg)
1 AHU-1, 2 and 3 Modification 62,832$        69,777$        1.1 10.58 15.90% 6,558,424 24,282          11,767          
2 Install Economizers on AHU-1, 2 and 3 40,192$        20,243$        0.5 15.10 17.98% 4,155,203 605               10,688          
3 AHU-4, 5 and 6 Modification 50,722$        85,891$        1.7 21.28 20.02% 10,887,772 63,236          14,522          
4 AHU-7 and 8 Modification 70,233$        42,847$        0.6 20.29 19.73% 7,276,820 6,967            17,425          
5 Install VFDs on Chilled Water Pumps P-4, 5 and 6 7,268$         38,851$       5.3 n/a n/a 751,348 111             1,932          
TOTALS 231,245$      257,608$      1.1 29,629,567     95,201          56,334           
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6.  APPENDICES 
 
6.1 ECO DETAILED CALCULATIONS 
 
This appendix provides further detail on each ECO energy savings calculation, arranged in ECO 
numerical order. These are exerts from the spreadsheet calculations that show in the input data, details 
of the calculation and output information. 
 
The energy savings calculations are in electronic format. The following is a listing of these files and 
their contents: 
 
1. Bldg 700 ECO 1.pdf : AHU-1 & 3 Controls VAV Calculations 
2. Bldg 700 ECO 2.pdf : AHU-1 & 3 Economizer Calculations 
3. Bldg 700 ECO 3A.pdf : AHU-4 Controls VAV Calculations 
4. Bldg 700 ECO 3B.pdf : AHU-5 Controls VAV Calculations 
5. Bldg 700 ECO 3C.pdf : AHU-6 Controls VAV Calculations 
6. Bldg 700 ECO 4.pdf : AHU-7 & 8 Controls VAV Calculations 
7. Bldg 700 ECO 5A.pdf : P-4 VFD Pumping 
8. Bldg 700 ECO 5B.pdf : P-5 & 6 VFD Pumping 
 
6.2 COST ESTIMATES AND O&M SAVINGS 
 
This appendix provides further detail on the installation and operations and maintenance cost 
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6.1 ECO DETAILED CALCULATIONS 
 
 Please see attached CD for detailed calculations. 
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 6.2 COST ESTIMATES AND O&M SAVINGS  
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Energy Conservation Measures - NPS Monterey Building 700 Cost Estimate
ECM #1
Project Costing
Quantity Equipment Description: CIM l. Cost/Unit Material Co CIL Lbr Cost/U Labor Cost
3 40  hp variable frequency drives 100.00% $5,000 $15,000 100.00% $4,250 $12,750
5 VAV conversion dampers with associated actuators 100.00% $800 $4,000 100.00% $1,000 $5,000
1 Static pressure sensor for VFD speed control 100.00% incl. 100.00% $0
5 Zone humidifiers with associated humidistats 100.00% $2,500 $12,500 100.00% $0
100.00% $0 100.00% $0
Supply air temperature control 100.00% $0 100.00% $0
3 analog inputs for supply air temperature 100.00% $50 $150 100.00% $0
3 analog outputs for chilled water coil control valves 100.00% $200 $600 100.00% $0
Static pressure control 100.00% $0 100.00% $0
3 analog inputs for supply air static pressure 100.00% $500 $1,500 100.00% $800 $2,400
3 analog outputs for supply fan VFD control 100.00% incl. 100.00% $0
3 analog inputs for supply fan VFD speed 100.00% incl. 100.00% $0
Zone temperature control 100.00% $0 100.00% $0
5 analog inputs for room temperature 100.00% 50 $250 100.00% $0
5 analog outputs for VAV damper control 100.00% incl. 100.00% $0
5 analog outputs for reheat coil control valves 100.00% incl. 100.00% $0
Humidity control 100.00% $0 100.00% $0
5 analog inputs for room humidity 100.00% 300 $1,500 100.00% $0
5 analog outputs for room humidity control 100.00% incl. 100.00% $0
1 DDC Controller 100.00% 5,000 $5,000 100.00% $22,000 $22,000
1 Graphical workstation 100.00% 20,000 $20,000 100.00% $0
*CIM = 100.00% Raw Costs: $60,500 $42,150
*CIL = 100.00% Sales Tax @ 0.00% $0 N/A
Contractor O&P @ 0.00% $0 0.00% $0
Subtotals: $60,500 $42,150
Contingency @ 5% $3,025 $2,108
Total: $63,525 $44,258
Engineering @: 10% $10,778
Construction Phase @: 0% $0
Project Management @: 10% $10,778
Total Project Cost: $129,339
Rebate/Incentive: $0
Net Project Cost: $129,339
*CIM = City Index Material Multiplier from Means
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Energy Conservation Measures - NPS Monterey Building 700 Cost Estimate
ECM #2
Project Costing
Quantity Equipment Description: CIM l. Cost/Unit Material Co CIL Lbr Cost/U Labor Cost
1 Ductwotk 100.00% $12,000 $12,000 100.00% $10,200 $10,200
6 RA and OSA Dampers 100.00% $800 $4,800 100.00% $1,200 $7,200
1 Common Barometric Damper 100.00% $1,500 $1,500 100.00% $2,500 $2,500
6 Actuators 100.00% $800 $4,800 100.00% incl.
1 OA Temperature Sensor 100.00% $50 $50 100.00% incl.
1 Humidity Sensor 100.00% $300 $300 100.00% incl.
3 RA Sensors 100.00% $50 $150 100.00% incl.
3 MA Sensors 100.00% $50 $150 100.00% incl.
1 DDC Controller 100.00% $1,500 $1,500 100.00% $10,000 $10,000
100.00% $0 100.00% $0
*CIM = 100.00% Raw Costs: $25,250 $29,900
*CIL = 100.00% Sales Tax @ 0.00% $0 N/A
Contractor O&P @ 0.00% $0 0.00% $0
Subtotals: $25,250 $29,900
Contingency @ 5% $1,263 $1,495
Total: $26,513 $31,395
Engineering @: 10% $5,791
Construction Phase @: 0% $0
Project Management @: 10% $5,791
Total Project Cost: $69,489
Rebate/Incentive: $0
Net Project Cost: $69,489
*CIM = City Index Material Multiplier from Means
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Energy Conservation Measures - NPS Monterey Building 700 Cost Estimate
ECM #3
Project Costing
Quantity Equipment Description: CIM l. Cost/Unit Material Co CIL Lbr Cost/UnLabor Cost
2 7.5 hp variable frequency drives for AHU-4 and 6 supply fans 100.00% $2,300 $4,600 100.00% $1,955 $3,910
1 5 hp variable frequency drives for AHU-5 supply fan 100.00% $2,200 $2,200 100.00% $1,250 $1,250
2 3 hp variable frequency drives for AHU-5 and 6 exhaust fans 100.00% $2,100 $4,200 100.00% $1,250 $2,500
1 2 hp variable frequency drives for AHU-4 return fan 100.00% $2,000 $2,000 100.00% 1,250 $1,250
18 variable-air-volume boxes or retrofit kits 100.00% $400 $7,200 100.00% 1,000 $18,000
1 Material and labor for rehabilitation of economizers, as needed 100.00% $1,000 $1,000 100.00% 3,000 $3,000
1 Direct digital control points: 100.00% incl. 100.00% $0
Primary temperature control 100.00% $0 100.00%
6 analog inputs for hot/cold deck temperature 100.00% $60 $360 100.00% incl.
6 analog outputs for heating/chilled water coil control valves 100.00% $250 $1,500 100.00% incl.
Static pressure control 100.00% $0 100.00%
6 analog inputs for hot/cold deck static pressure 100.00% $300 $1,800 100.00% incl.
3 analog outputs for supply fan VFD control 100.00% incl. 100.00%
3 analog inputs for supply fan VFD speed 100.00% incl. 100.00%
Time of day control 100.00% $0 100.00% incl.
3 digital outputs for supply fan start/stop 100.00% $50 $150 100.00% incl.
3 digital outputs for return/exhaust fan start/stop 100.00% incl. 100.00% incl.
Building pressure control 100.00% $0 100.00% incl.
3 analog inputs for building static pressure 100.00% $300 $900 100.00% $0
3 analog outputs for return fan VFD control 100.00% incl. 100.00% $0
3 analog inputs for return/exhaust fan VFD speed 100.00% incl. 100.00% $0
Economizer control 100.00% $0 100.00% $0
3 analog inputs for return air wet-bulb temperature 100.00% $60 $180 100.00% incl.
1 analog input for outside air wet-bulb temperature 100.00% $300 $300 100.00% incl.
3 analog inputs for return air temperature 100.00% $60 $180 100.00% incl.
1 analog input for outside air temperature 100.00% $60 $60 100.00% incl.
6 analog outputs for economizer damper control 100.00% $300 $1,800 100.00% incl.
Zone Temperature Controls 100.00% $0 100.00% $0
18 Analog Inputs 100.00% $50 $900 100.00% $0
18 analog outputs for VAV box control 100.00% incl. 100.00% $0
18 analog inputs for mixed air temperature 100.00% incl. 100.00% $0
18 analog outputs for mixed air damper control 100.00% incl. 100.00% $0
1 DDC Controller 100.00% $5,000 $5,000 100.00% $18,000 $18,000
1 Graphical workstation 100.00% 25,000 $25,000 100.00% $0
100.00% $0 100.00% $0
*CIM = 100.00% Raw Costs: $59,330 $47,910
*CIL = 100.00% Sales Tax @ 0.00% $0 N/A
Contractor O&P @ 0.00% $0 0.00% $0
Subtotals: $59,330 $47,910
Contingency @ 5% $2,967 $2,396
Total: $62,297 $50,306
Engineering @: 10% $11,260
Construction Phase @: 0% $0
Project Management @: 10% $11,260
Total Project Cost: $135,122
Rebate/Incentive: $0
Net Project Cost: $135,122
*CIM = City Index Material Multiplier from Means
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Energy Conservation Measures - NPS Monterey Boiler Plant
ECM #1
Project Costing
Quantity Equipment Description: CIM l. Cost/Unit Material Co CIL Lbr Cost/Uni Labor Cost
2 15 hp variable frequency drives for supply fans 100.00% $2,700 $5,400 100.00% $3,000 $6,000
2 7.5 hp variable frequency drives for return fans 100.00% $2,300 $4,600 100.00% $0
2 chilled water coils 100.00% $2,000 $4,000 100.00% $2,400 $4,800
1 chilled water piping between Chiller-6 and 7 to new cooling coils 100.00% $4,000 $4,000 100.00% $10,000 $10,000
2 new chilled water pumps 100.00% $2,000 $4,000 100.00% incl. $0
1 material and labor for rehabilitation of Chiller-6 and 7, as needed 100.00% $4,000 $4,000 100.00% $10,000 $10,000
1 material and labor for rehabilitation of economizers, as needed 100.00% $0 100.00% $8,000 $8,000
Direct digital control points 100.00% $0 100.00% $0
Supply air temperature control 100.00% $0 100.00% $0
2 analog inputs for supply air temperature 100.00% $60 $120 100.00% $0
4 analog outputs for heating/chilled water coil control valves 100.00% $300 $1,200 100.00% $0
Room temperature control 100.00% $0 100.00% $0
2 analog inputs for room temperature 100.00% $50 $100 100.00% $0
2 analog outputs for supply fan VFD control 100.00% incl. 100.00% $0
2 analog inputs for supply fan VFD speed 100.00% incl. 100.00% $0
Humidity control 100.00% $0 100.00% $0
2 analog inputs for room humidity 100.00% $300 $600 100.00% $0
3 analog outputs for room humidity control 100.00% incl. 100.00% $0
Building pressure control 100.00% $0 100.00% $0
2 analog inputs for building static pressure 100.00% $300 $600 100.00% $0
2 analog outputs for return fan VFD control 100.00% incl. 100.00% $0
2 analog inputs for return/exhaust fan VFD speed 100.00% incl. 100.00% $0
Economizer control 100.00% $0 100.00% $0
2 analog inputs for return air wet-bulb temperature 100.00% $300 $600 100.00% incl.
1 analog input for outside air wet-bulb temperature 100.00% incl. 100.00% $0
2 analog inputs for return air temperature 100.00% $60 $120 100.00% incl.
1 analog input for outside air temperature 100.00% $60 $60 100.00% incl.
2 analog outputs for economizer damper control 100.00% $300 $600 100.00% incl.
100.00% $0 100.00% $0
1 DDC Controller 100.00% $5,000 $5,000 100.00% $18,000 $18,000
1 Graphical Workstation 100.00% $7,000 $7,000 100.00% $0
100.00% $0 100.00% $0
*CIM = 100.00% Raw Costs: $42,000 $56,800
*CIL = 100.00% Sales Tax @ 0.00% $0 N/A
Contractor O&P @ 0.00% $0 0.00% $0
Subtotals: $42,000 $56,800
Contingency @ 5% $2,100 $2,840
Total: $44,100 $59,640
Engineering @: 10% $10,374
Construction Phase @: 0% $0
Project Management @: 10% $10,374
Total Project Cost: $124,488
Rebate/Incentive: $0
Net Project Cost: $124,488
*CIM = City Index Material Multiplier from Means
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Energy Conservation Measures - NPS Monterey Building 700 Cost Estimate
ECM #5
Project Costing
Quantity Equipment Description: CIM l. Cost/Unit Material Co CIL Lbr Cost/UnLabor Cost
3 7.5 hp variable frequency drives 100.00% $2,700 $8,100 100.00% $1,500 $4,500
3 check valves (each approx. 4 inches) 100.00% $200 $600 100.00% $1,000 $3,000
3 differential pressure sensors 100.00% $1,000 $3,000 100.00% $400 $1,200
2 remove (2) mixing valves and (2) balancing valves 100.00% $0 100.00% $1,250 $2,500
1 DDC controls: 100.00% $0 100.00% $0
3 analog inputs for differential pressure 100.00% $0 100.00% $0
4 analog outputs for VFD control 100.00% incl. 100.00% $0
4 analog inputs for VFD speed 100.00% incl. 100.00% $0
100.00% incl. 100.00% $0
1 DDC controller 100.00% $5,000 $5,000 100.00% $10,000 $10,000
100.00% $0 100.00% $0
100.00% $0 100.00% $0
*CIM = 100.00% Raw Costs: $16,700 $21,200
*CIL = 100.00% Sales Tax @ 0.00% $0 N/A
Contractor O&P @ 0.00% $0 0.00% $0
Subtotals: $16,700 $21,200
Contingency @ 5% $835 $1,060
Total: $17,535 $22,260
Engineering @: 10% $3,980
Construction Phase @: 0% $0
Project Management @: 10% $3,980
Total Project Cost: $47,754
Rebate/Incentive: $0
Net Project Cost: $47,754
*CIM = City Index Material Multiplier from Means
*CIL = City Index Labor Multiplier from Means  
